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Original Article

preliminary risk assessment of IAN damage since it 
is easy to perform and due to its low biological and 
economic costs. However, OPG is a two-dimensional 
examination which cannot provide reliable information 
on the actual anatomical relationship between the 
third molar and the IAN.[3-8] Actually, although several 
OPG markers have been proposed as risk indicators 
of a close anatomical relationship between teeth and 

INTRODUCTION

The incidence of injury to the inferior alveolar nerve 
(IAN) after lower third molar removal has been 
reported to range from 0.26% to 8.4%[1] although 
values higher than 35%[2] have also been documented 
in cases where an intimate relationship between the 
tooth and the nerve was present.

Orthopantomography (OPG) is recommended as the 
first choice conventional radiographic examination for 

Accuracy of cone-beam computed tomography in 
defining spatial relationships between third molar 

roots and inferior alveolar nerve
Roberto Pippi1, Marcello Santoro1, Ferdinando D’Ambrosio2

ABSTRACT

Objective: Cone-beam computed tomography (CBCT) has been proposed in surgical planning of lower third molar extraction. 
The aim of the present study was to assess the reliability of CBCT in defining third molar root morphology and its spatial 
relationships with the inferior alveolar nerve (IAN). Materials and Methods: Intraoperative and radiographic variables of 
74 lower third molars were retrospectively analyzed. Intraoperative variables included IAN exposure, number of roots, root 
morphology of extracted third molars, and presence/absence of IAN impression on the root surface. Radiographic variables 
included presence/absence of the cortex separating IAN from the third molar roots on CBCT examination, number of roots and 
root morphology on both orthopantomography (OPG) and CBCT. The statistical association between variables was evaluated 
using the Fisher’s exact test. Results: In all cases of intraoperative IAN exposure, the cortex appeared discontinuous on 
CBCT images. All cases, in which the cortical bone was continuous on CBCT images, showed no association with nerve 
exposure. In all cases in which nerve impression was identified on the root surface, the IAN cortex showed interruptions on 
CBCT images. No nerve impression was identified in any of the cases, in which the cortex appeared continuous on CBCT 
images. CBCT also highlighted accessory roots and apical anomalies/curvatures, not visible on the OPG. Conclusions: CBCT 
seems to provide reliable and accurate information about the third molar root morphology and its relationship with the IAN.
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the IAN, and therefore, as risk indicators of nerve 
damage, their absence does not exclude that nerve 
damage may result in the presence of a simple and 
limited radiographic superimposition on OPG.[1,9-11]

On the contrary, computed tomography (CT) and 
cone-beam CT (CBCT) allow to obtain precise 
knowledge of all third molar anatomical and 
topographical variables which is essential for 
proper surgical planning to minimize accidents and 
complications and provide the patient with clear 
information about the inherent risks.[10-16]

An ideal radiographic evaluation should provide 
accurate information about the morphology of the 
tooth which is to be extracted in relation to the 
degree of root formation, the number of roots, and 
the presence of apical anomalies. It should provide 
accurate information regarding the characteristics of 
the surrounding bone and the relationship with the 
neighboring anatomical structures.

When performing any preoperative radiographic 
examination, one should always take into account the 
principle “as low as reasonably achievable,” according 
to which the X-ray procedures with lower radiation 
doses should be followed.[10,12,17] Therefore, CT and 
CBCT should not be considered the radiographic 
methods of choice in surgical planning of lower third 
molar extraction; however, they should be reserved 
only for cases in which OPG reveals the presence of 
third molar topographic/anatomic variables which 
may influence the surgical approach.[10,11,15]

With regard to the risk of IAN injury, recent guidelines 
conclude that when conventional radiology highlights 
a direct relationship between the third molar and the 
nerve, CT or CBCT should be performed to obtain 
a thorough evaluation of the three-dimensional 
anatomical and topographical characteristics of 
the tooth to be removed.[10,11] Therefore, even the 
slightest superimposition between the third molar 
and IAN, also in the absence of specific risk markers 
at OPG among those proposed in the literature, is an 
indication for a second level radio-diagnostic in-depth 
analysis.[1,9-11]

In several studies, CT cross-sectional reconstruction 
was used to assess a possible cortical presence to 
separate the third molar from the IAN although 
the predictive value of this factor in IAN injury is 
still debated. Some authors[18-22] believe that IAN 
intraoperative exposure is an important risk factor in 
nerve damage, thus the absence of IAN cortical bone 

is considered a risk factor as well. Other studies[11,23] 
do not consider such factors as predictive or as 
conditions which can significantly influence the risk 
of nerve injury, but rather as simple highly indicative 
parameters of a close spatial tooth-IAN relationship.

To define the role of CBCT in planning third molar 
removal, the present study was carried out with the 
purpose to assess the accuracy of CBCT, comparing 
radiographic findings with intraoperative ones. 
In addition, OPG and CBCT evaluations of root 
morphology were also compared.

MATERIALS AND METHODS

Preoperative CBCT examinations of 74 previously 
extracted impacted mandibular third molars were 
reviewed. In all cases, CBCT was performed due to the 
third molar superimposition with the IAN on previous 
OPG images. All examinations were independently 
examined by all authors.

OPG was performed with a Sirona OrthoPhos XG Plus 
Machine (The Dental Company, New York, USA), 
with direct digitalization and the following data: 
Rotation time 14.1 s, 62–73 kV, 1–15 mA.

CBCT was performed with a NewTom VGi Dental 
X-ray Machine (QR, Verona, Italy) and the following 
technical data: Field of view 12 × 8, kV 110, exposure 
time 5.3 s, total mA 64.68, delivered dose 7.7 mGy, 
cross-sections 1 mm mesiodistally spaced.

For each third molar, the following variables were 
examined.

Radiographic variables: Cortical presence/absence to 
separate the IAN from the third molar roots on CBCT 
examination; number of roots and root morphology 
on both OPG and CBCT.

Intraoperative variables from patient clinical charts: 
IAN exposure, number of roots and root morphology 
of extracted third molars, and presence/absence of 
IAN impression on the root surface.

To test the accuracy of CBCT in identifying any 
interruption of IAN canal cortical bone, with 
consequent possible nerve exposure, the statistical 
association between the binary variable (present/
absent) “IAN cortical interruption,” assessed on CBCT, 
and each of two other binary variables (yes/no), “IAN 
intraoperative exposure” and “IAN impression on the 
root surface,” were verified using the Fischer’s exact 
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test. Sensitivity, specificity, positive predictive value 
(PPV), and negative predictive value (NPV) of CBCT 
were also evaluated.

The present study is part of a protocol which was 
approved by the Local Ethical Committee with the 
protocol number 987/12.

RESULTS

The 74 radiographic examinations of the present 
study involved mandibular third molars extracted in 
63 patients, of which 23 were male (36.5%) and 40 were 
female (63.5%), with a mean age of 24.7 ± 6.5 years 
(range: 16–57 years).

Interruptions of IAN canal cortical bone on CBCT were 
found in 49/74 cases [66.21%; Figures 1 and 2], while 
intraoperative IAN exposure occurred in 31/74 cases 
(41.89%) and IAN root impression was found in 
28/74 cases (37.84%).

In all cases of intraoperative IAN exposure, the cortex 
was interrupted on CBCT images (P < 0.01), although 
in 18/49 cases (36.73%), the interruption was not 
associated with intraoperative nerve exposure. All 
cases, in which the cortical bone was continuous on 
CBCT images, showed no association with nerve 
exposure.

In all cases in which IAN impression was identified 
on the root surface of the extracted tooth, the 
IAN cortical was interrupted on CBCT images. In 
21/49 cases (42.86%) in which the CBTC indicated a 

cortical interruption with direct root-nerve contact, 
no impression was identified on the tooth root after 
extraction. IAN root impression was not identified 
in any of the cases, in which the cortex appeared 
continuous on CBCT images.

A highly significant statistical correlation, therefore, 
exists between “IAN cortical interruption” and each 
of the two variables “IAN intraoperative exposure” 
and “IAN impression on the root surface.”

CBCT was able to predict a direct contact between 
the third molar root and IAN with a 75.67% accuracy 
(sensitivity: 100%; specificity: 58.14%; PPV: 63.27%; 
NPV: 100%; P < 0.01).

High sensitivity and high NPV also exclude that an 
IAN impression is found on the root surface of the 
extracted tooth in the case of continuous IAN cortical 
bone on CBCT images (sensitivity: 100%; specificity: 
54.35%; PPV: 57.14%; NPV: 100%; accuracy: 71.62%; 
P < 0.01).

As for the assessment of apical curvatures, in ten 
cases OPG revealed distal curvatures, also verified on 
CBCT images and at postoperative evaluation of the 
extracted tooth. A buccal curvature was found in four 
molars, ipsilateral to the IAN in one case and associated 
with a distal curvature in three cases. Lingual apical 
curvatures were postsurgically identified in five cases. 
None of them were preliminarily recognized on OPG. 
Two of them were not detected even at CBCT. With 
regard to the number of roots, CBCT allowed the 
identification of accessory roots, unrecognizable on 
the OPG, in four cases.

DISCUSSION

The present study showed a strong association between 
intraoperative IAN exposure and interruptions of 
IAN cortex on CBCT images. Actually, although 
CBCT allowed to identify all cases of intraoperative 
nerve exposure, the IAN was not clinically visible 
in some cases in which the cortical bone appeared 
interrupted on CBCT. The lack of intraoperative IAN 
exposure may be related to different factors such 
as the small size of the cortical bone defect and its 
position in relation to the presence of undercuts or 
interradicular bone septa able to interfere with the 
surgical inspection.

Susarla et al.[18] found that a defect size lower than 
3 mm on the CT is correlated to a low probability of 

Figure 1: Cone-beam computed tomography: 1 mm mesiodistally 
spaced cross-sections at the level of the lower right third molar which is 
vertically positioned. The third molar roots overlap the inferior alveolar 
nerve and the canal cortical bone does not show any discontinuity 
(sections 13 and 14)
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intraoperative IAN exposure while other authors[13,24] 

found that IAN exposure is less likely when it runs 
lingually to the root or interradicularly. Therefore, 
the fact that the IAN cortex appears interrupted on 
CT images does not necessarily imply that the IAN 
is clinically visible. On the other hand, the presence 
of a cortex which separates the IAN from the third 
molar root seems to completely exclude the possibility 
of intraoperative nerve exposure (sensitivity 100%, 
specificity: 58.14%; PPV: 63.27%; NPV: 100%; accuracy: 
75.67%; P < 0.01). This result is similar to that of 
Matzen and Wenzel[11] and seems somewhat different 
from that obtained by Susarla et al.[18] who reported 
an albeit relatively low possibility (5/80 cases) of 
intraoperative IAN exposure, even in the presence of a 
continuous cortex on the CT images. This discrepancy 
might be a consequence of different types of CT 
machines and settings, as well as of different surgical 
techniques or possible cortical or interradicular septa 
fractures during the third molar luxation. Although 
the IAN cortex was interrupted on CT images in 
all cases in which an impression on root surface 
was found, interruptions were also detected in the 
absence of the corresponding IAN impression on the 
root. Therefore, in the presence of a close anatomical 
proximity, as revealed by the lack of cortical integrity 
on CT, it is plausible that an IAN impression is not 
always found on the root surface, while an intact 
cortex on CT appears to completely exclude any 
possibility of IAN impression on the root. The latter 

can be also considered indicative of a close spatial 
relationship between root and nerve although its 
absence does not rule out a proximity (sensitivity: 
100%; specificity: 54.35%; PPV: 57.14%; NPV 100%; 
accuracy: 71.62%; P < 0.01). The absence of an IAN 
impression in the cases where the CBCT showed an 
interrupted cortex could be related to morphological 
root factors such as the presence of curvatures or 
apical tapering which follow the shape of the IAN 
canal itself, without leaving any visible trace. Some 
authors also showed that the IAN impression on the 
root was more frequently associated to the lingual 
position of the nerve to the root.[14,24]

The previous studies[11,15,23] support the findings of the 
present study in that CBCT also identified accessory 
roots and apical anomalies/curvatures, not visible 
on OPG.

CONCLUSION

CBCT imaging seems to provide accurate information 
about the third molar root morphology and its 
relationship with the IAN since it allows to identify 
all cases in which the IAN is exposed and all cases 
in which an IAN impression is present on the root 
surface. All this information is crucial for efficient 
surgical planning and for providing patients with 
appropriate information about the surgical risks. 
However, cortical interruptions on CBCT, although 

Figure 2: Cone-beam computed tomography: 1 mm mesiodistally spaced cross-sections at the level of the lower left third molar which is mesially 
inclined. The third molar roots lap the inferior alveolar nerve and the canal cortical bone appears interrupted for a few millimeters (sections 18–23)
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strongly indicative of a close spatial relationship with 
the third molar root, neither necessarily imply that the 
IAN will be exposed during the third molar extraction 
nor imply that an impression will be present on the 
tooth root surface; hence, cortical interruptions cannot 
be taken into account when predicting IAN damage 
during the third molar surgery.
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